Giant Planar Hall effect (GPHE) has been observed in epitaxial magnetite (100) films grown on MgO substrates. The effect is manifested as jumps in the transverse resistivity when the film is subjected to a swept, in-plane magnetic field. The jumps are two orders of magnitude higher than previously observed in metallic ferromagnets.
INTRODUCTION
The planar Hall effect (PHE), like the anisotropic magnetoresistance (AMR), has its origin in the magnetization-related anisotropy of resistivity of the ferromagnetic materials, both being different manifestations of the same underlying phenomenon. In the ferromagnetic films, the resistivity depends on the angle between the magnetization M and the current density J. For a single domain film, the electric field is given by 1 :
where j is the current density applied in the x direction, θ is the angle between M and the J, ⊥ ρ and || ρ are the resistivity values perpendicular and parallel to M, respectively. The AMR phenomenon is described by the first equation (1), while equation (2) describes the PHE.
The PHE was previously employed in ferromagnetic metals, as a tool to study inplane magnetization 2, 3 , out-of-plane magnetization 4 and it has also been studied in lowfield magnetic sensor applications 5 . Recently, a large switching signal in the PHE has been measured in (Ga,Mn)As thin film devices and LaSrMnO 3 films 6, 7 , this effect is observed to be 4 orders of magnitude higher than previously observed in ferromagnetic metals and it is called the giant planar hall effect (GPHE). Unlike the previous reports, where the GPHE was observed at low temperature, in this study we have measured GPHE jumps at room temperature, in our case the effect is two orders of magnitude larger than in the ferromagnetic metals. The magnitude of the switching signal measured at room temperature could have potential applications in spintronics, such as field sensors and non-volatile memory elements.
II. EXPERIMENT
The 100 nm Fe 3 O 4 film, with double cross structure, was grown on MgO (100) substrate with a size of 10 x 10 mm 2 using oxygen plasma assisted molecular beam epitaxy (MBE), system (DCA MBE M600), with a base pressure of less than 5x10 -10 Torr.
The substrates were annealed at 600 °C for ½ h in UHV and 2h in an oxygen atmosphere.
The deposition was done by means of e-gun evaporation from Iron pellets (99.995% pure)
in a plasma oxygen environment of 1.1x10 -5 Torr and a substrate temperature of 250 °C at a growth rate of 0.2 Å/s. The double cross structure was fabricated using a shadow mask.
The longitudinal and transverse resistances were investigated using the four probe method, with a Keithley 2400 sourcemeter and a switching system to perform almost simultaneous measurement. A bias current of 100 µA was applied along the (100)
direction. An external in-plane magnetic field was applied using an electromagnet with a range up to 1 T and a resolution of 0.1 Oe. The field orientation was changed to measure the angular dependence. Temperature dependence was also investigated using a closed cycle refrigerator (CCR).
The longitudinal resistance, R xx , was measured between B and C (inset Fig. 1 ).
The transverse resistance, R xy , was obtained by measuring the resistance between A and C. Due to the low value of R xy in comparison to R xx , there is a significant contribution of the longitudinal component over the transverse one, which was corrected using the formula:
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III. RESULTS AND DISCUSSION
The resistivity of thin films as a function of temperature was measured to evaluate the stoichiometry of the films. A clear jump in resistivity (so-called Verwey transition) is observed around 115 K which is close to the one in single crystal (120 K) 8 . From the presence of the Verwey transition we could conclude that the film's stoichiometry is close to that of ideal magnetite. The detailed characterization of the magnetite film could be found in Ref 9 . The AMR in the Fe 3 O 4 films was investigated first. A constant inplane magnetic field (2T) was applied, the longitudinal resistance (R xx ) and the transverse resistance (R xy ) were measured as a function of the angle between the magnetic field and the current (see Fig. 1 ). At such a high field the magnetization is expected to be parallel to the applied field. We found that R xx shows a cos 2 θ dependence and R xy follows a sinθcosθ dependence which is consistent with the AMR theory for a single domain ferromagnetic film 1 .We can see that the presence of Antiphase Boundaries (APBs) still does not alter the single-domain state-like behaviour of the film. APBs are an intrinsic consequence of the nucleation and growth mechanism in the film 10 . They arise from the fact that the Fe 3 O 4 lattice parameter is nearly twice that of MgO, as a result there are half lattice shifts between nucleation islands. Furthermore, the rotational symmetry of the film is lower than that of the substrate. APBs alter the exchange interaction between grains within the film.
We have measured GPHE for magnetite at room temperature. Figure 2 shows the ) are in the order of µΩ cm, two orders of magnitude higher than previously observed in metallic ferromagnets 11, 12 .
The temperature dependence was also studied, which is of importance in elucidating the underlying physical mechanisms. 
IV. CONCLUSION
We observed the GPHE in magnetite at room temperature. The size of the effect, two orders of magnitude larger than previously observed for ferromagnetic metals, has 7 potential applications in spintronics. The angular and thermal dependence of the PHE jumps was studied. The GPHE is thought to be a response to the magnetization rotation, which would be influenced by the applied field, the anisotropy field and the exchange interaction through the APBs. Further studies need to be performed to clarify the detailed effect of the APBs. The magnetization is considered to be parallel to an external applied field (2T). 
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